
AD-A070 335 STAPWORD (MIV CALIF EDWARD L GINZTON LAB F/s 9/5
PIEZOQ.ECTRIC SHEAR SURFACE WAVE GRATING RESONATORS. (U)
MAY 77 B A AULD. B YEps N00014—75—C—0632

UNCLASSIFIED Gt—2 708



ll~D ‘ .0

I I 011 ‘

II~II 
‘ 2 5 I ‘1 I



PIEZOELECTRIC SHEA R SURFACE WAVE GRATIN G RESONATORS
L1~ 

(

- 

by

/~j B. A .~ Auld aa~ Bing_lIui/Yeh

D DC
~~~ ~C~~~~~~~~~~~~~No. 27Ø8 /

0

C..)
4 To appear in

Proceedings of the 31st Annual

Symposium on Frecjucncy Control

1977

Supported by the Joint Serv ices E1.cctro~ics

Program under Contract N OOOl 1~-75..c-O632

~~ ~~b1~c tC.

Edward L. Cinz ton Laboratory
W. V. h ansen Laboratories of Physics

Stanford University
Stanf ord , California

/ i/ Y• .~/ (
‘) -/ ‘.

~~



/ J f/ ,.,I~ (~ ,�f ,‘— ‘ ~~~~~~~~~ / 1 7,7
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conflicted by measur i ng gratings on subs trates of dii—
- feren t depth..

th i s r°p’’ Jes~ i ibe~ a now type of surface Scotia—
Ii, ave gr ating tesonator in wht~ h the particl e Jt ~~- Although prev ious experiment s confinned the ap—

pla~ ertent of the s u if a , . wave is 1’.ira flel to the so,- p’I ita bt lity of the electronagn.tic solutions to the

fate . fly tuntrast , tha now ‘,l l- I.nown SAW (Rayl..igh e las t i c  wave problem , the t ransducers  used excited
wave - grat ing resonator has i ts port it is disp l acement both the surface wave of the grating and thickn.sa

t~i the s.,ggttat p latte . waves of the substrate . The mode spec t rum was ther.—
for, cl uttered with many spurious res ponses and en-

ln the SAW resonator the function of the grating tirely unsuitable for resonator applica tions. The Pr.-
strut t it, , whit h consists ol either grooves or tetal sent paper describes art investi gation of SR surface
attip , . is t o  pr ovi le two highly reflectin g Rayleigh wave resonances on pieto .lectrtc substrates. Efficient
wave r i i rt o t a , betw.,n wh ic h  .1 standing wave is rxcited selective excitation of the grating Is then achieved by
by r.eans of an intetd igttat trausdite e ,. The basic suitably choosing the substrate orientat ion and deposi—
functi on of the gratin g in the horizontal shear (Sit) ting a t ransducer elec t rode on top of each tooth. As
type of ~urf •t.e wave resonator considered here is quite will t’e seen , ind ividual resonant ctodes of a finite
d i f fe r e n t .  An SR sut face wave cannot exist on a hoio.- Length of grating may he exc ited by suitably choalng
geneous (unlayer.d) suhstta te in the abs ence of some the distrib ution of voltages app lied to the electrod e
per iod ic  v a r i a t i o n , such as a grating , along the cur— A rtay .

That is (ii say ,  the sot f ace wave in this race is
a v ih’r’ht ional mode of the gtating itself . On t he other I t should be pointed out that the SR surfac, wave
hand , lb. grating is now not required to  realize a high- considered here is ipt~ mately related to the pu rface-
ly refle c ting mirr or , because the SR motion r e f l t . t t s  skitmning shear wave.’-’~ The l*ttec wave or , more pro—
without  spot i -us mod. coupling at a tract ion—f ree perly , rad iation pattern consists of a horizontally
t ouitdary p laced in any synmtetry pu n. of the str~tctute . potar ired shear elasti c vibr .it ion skinning along the
i tst this a raso ,, t his new type of rosonat or promises  a sui [arc and slowly d i f f r a c t ing  into the substrate.
substant ia l advantage in m i n iat u r i z at i o n  t cstt isarcd w it h  D i f f r a c t i o n  losses arc determined by the vertica l d l—
the conventional SAW resonator . rec t t v t ty of the interdigital transducer (lOT ) u sed

for exc i tat i on .  Cons iste nt with the analogy of the lOT
Sit sur face wave resonatc.rs on r~T-8, 1-cut X—p ro — as an end— lire antenna at ray , the radiation pattern is

psga ti n g L (NbO~ an t ST quart? have been fa b r ic a t e d  and sharpened and di f fract ion toesea a,-,. reduced by in-
t e s t e d . txt’ t tg t l on  was by means of an intardi~~ita I creasing the lcngth of the tnT . Add ition of a grating
st iuctute deposited on top of the grating tee th , and strut - t o r e  to th. sur face iw rmtts the existence of a
the tUmena tons were chosen to  give a t ,‘sonattt- t’ in the genuinely bound SR wave , which travels at a velocity
reg ion of 1 to ~ MHz. The groove depth was in the slower titan that of ~ bulk Sf wave. if the 101 is
rang. of 0.01” , and it was fesiirt,l that the ttta,uond raw sui tably des ig ned to  syncbronlte wi th  this bound wave ,
fabr icat ion technique used did not provide adequate as in the case of a Rayleigh wave transducer , there
pr -c taion. Consequent ly the qua l i ty  [ac to rs  t c at , ,e d  wi l l  he e s s en tiall y no diffraction loss into the cub—
Vera low (< 3tXX)) , and use of relatively shallower etrate .
etched grooves a t higher f requencies Is clearly called
for. ~~~~~~~~~~~~~~~~~ (t a t j~~

Since a sufficient condition for the ex istenc. of One way of picturing an Si t gra t ing vibrat ion i~
this typ. of surface wave is a perirstl icity of the con— to Imag in, it as evolving from th. standard tuning
dli i~ nc a long the sur face , anot her technique for trap— fork l esonator shown In the upper l e f t  of Fig. I. An

• ping the wave at the surface is deposition of an ar ray  analogous type of tuning fork , in wh ich the ar-nil move
of metal s t r i ps , in f ace shear , is shown on the right . Stacking of c F

niunbet ~ i these tesonators in an array leads to the

~~~~~~~~~ Rcaon.itor • (‘.t-at Itsg , hoc i zontal She*r , tilit ing to, k pu tt i n g  shown at the b~ t torn oi the f igure ,
interdigitt i l Transducer , F~ T , lithium Niohate , Quartz .  In which the dashed lines ar, traction— free surfaces.

The basic SR grating (Fig. ~‘) evolves from this as Iii,
lnt,-oduct b i t  dimension is ext ended (is in flu I tv along the par tIc le

disp lacement d i rect ion and the Individual supports are
In an ear lie , patter the eX is te nce  of a hort ,o n— tep lat eti by a continuous substrate . WI t l~ a fixed

tally pølat f reti shear (su) surf.tcc wave iso a coa t ui~Cfei1 tooth r.pscing ii • t he ir.’quency inc rease s with de—
aut ist ra te  w as  .iemonnt t ati’ .i by vii tnt’ ~~t the exac t  ens— c rea ting  length of the teeth , ~uNt as  in the case of
logy between Liii a el a~ Li .- wave prott iq.in nai l the tort  ,~a — the m Ig fai n t tuning lot k. The gist ing runt igurat ion

• p~ ntItug elec it onugnet it problem. An c~~i t a t s  lye hit , ,t - .i— provides a memos lou real (ring a tuning for-k type of
Lut e e x i s t s  fo r  liii ’ t~~t tot  rise ~ nd the s~ lttt to~ s given tOt itat ince at frcqun’nc ics where a single fork hect~~cs
were found to  he iii ~~‘.‘d agreement w ith  •x ~’e, itnr’uat~ I s- c— liSts real 1 to fahrtcato situ ctøunt
sti l t.  obta toed for ahr.,t stir face wo% ~’c on a ctti rusgate d
aluminum atuhst ,~ te. ~i,aer vst  b ats w o r .. mail,’ by i a b r - i c a —  Seca ut se the spat t at  period of  the vibrat ion in

ing a f in i te  length of u~ot t t,1~ itct i c ut lace (or g u t  ing) Fig. ~ is ~‘d the displacement field in the auhp trat e
and weasuring the t uansmt pa ion t,’sonsncea with t h i c k —  citat he w r i t t en  as the Fourier s erIes shown the f ig-
,s.’ss ahoar It ant~ititic.re bo~d~ d to the crids of the finite tar. , where 5n is the amplitude of the n~ Tout- let
length of grating. Th. surface natura of the wave we. component and the Y exponential coefftct.n t
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te late l  tO Its. wavelength of a hulk shear wave by the As In any s ta r t l ing  w ave resonance , the tcsOnmfl , e con-
equation t1t the liii. below , It io i towa trim this that ditio~ is t t ’st  t he tasigthn I ha inirgial ,iu tb.r n 

$

(a teal when 2~1 is tea S  theat a hulk cheat wave- of lim it ~ at.~ ongths iii , equiv alen tl y, l us t I nm/ND • f
l~ ngt h. lit th is  , as e a l l  of the Foutter .- ai’t’’nrlst a de— I’~ a a t~’—ee. I ion a eponatti r thiet . are t hen n ote ten
cay e~~pt’ast’n t i . i l y  into the s u b s t r a t e  — t l,at is , (he s~i,i~ p ~ ( te,,~~snce , wi th hicquen lea detereitied tries
t~~ttsttt Is a so t t ac~ v i h i a t i t is  bound to th, gusting, the tti sp~ t s - ’~t titagtam by the ctsn st tui rtju ,,t ahown on th .
ibi. au gissent dii.. not , of  ctnars e . pt -ov, the rststeisi . figure. A p art i cu lar stode stay be exct (eti by app lying
~ f aut h a vthcs t (~’n , bait i t s  e.iatence ha. alread y been f it. i t’ir.s ,’~’~ Ji~ g d i e ti i bid h u t  of voltages to th.
*l~ mon.ttaied a s , t l y t i ta l t y In the ca se  of the ana logous e l ec t r od es  loc a ted on th e top. of th, teeth. Our ox-
eie~ tron.tgnettt pss’tstvm. ’ ’ ’ pet inue~ t n  ~~~# been pet formed on the n-amid. In which

al t .tis,t, e .cttodes ate n~ c tt.d tti~t° out ot phas e , a,
The vibratio n shown iii Fig. .‘. wh ich  has a phase in a c,’nve. : tonal lisT.

sht ft of  ii.’ one ps at Ing tooth, to  the nest  (the
is only one of m~ usy (h at can •~~ts t  ott th is ~e a istst i,atej anti Iest.d three SR grat log

peruodac .tlucttl ,e . itt the previous d Is ,usa ton~ the rest~n.i to r- ~ i.~~th gu-tuove pr ofil e sltuieutstssiss as given in
gra ting was r e g s n  ti.d a. rasent (.1 lv an m t  intl Ic e t a  sy its. upp.r I. t of f ig. Ia sisti t es,snaast is,qu en cie s for
of toning fork.. Al t .inat ivety, tine may too’s at the the n rioJ. tn the tange of 1 to .‘.‘, Hit,. The resonator
teet h as an array of cauttle v et suppottosi (ste cheat proper i s ,~.fsn.J by an els’c iroaled reg ion on the top
pla te vit ’ ta t ot a that a te l i ghtl y coup Lc~l, one to  the surfa ce ~~~ a groov ed biøa I, lstge •~ough to eliminate
ne s t , thtough the •uhittta t~~. The v ibr~~tlon sp.itruasi •dge e ti e:ta and to p e r m it hstohii sg ‘f Liar vibration
.on s i s t*  ~f a continuous distribution of coopted mode., pattern .‘at s fde tho ,Icctr~ de region by means of sme l t
ana logous to tho mades of  a periodically mass- lo*d.d ~stbt’.r t *  ,~ .ng pads. The gi oa’v.c wet e f i ,  at cut with
si l i rat ing st r ing .  In t ht s  cm.. the phase . h s t f t  fries a diar~sn.f saw , the top su tbati ’ snti reflectIng edge.
5,’a t iOat to  sea t ia~,, is t .iated t at  a • a ’aif i,, ,~~i,s wave istarn— we t- c t heas p..’i is hed , iii. e l i ’ a t t oa ie ~ dept’s I teat arid the

— ‘,‘ ‘~~ , which takes  the vita ,, ~:,t tot lb. gold w i t.  leads a t tached .
‘ - c oal.’ ai isa a a s s e t l  shove (tip. ~

In these liii f iat ry%terinieatt s ito at (i’itsp t was mad.
As shown its Ru’ let dice. I, anti ‘, the ii’ t a t  i axial, I p to ~trs t s,.h t lie ins iii. a’ f t tic g ta ’ ,’ve a. A s wil l  be ascii ,

bctw..~ ,~~ 
a0ai ‘s tot (h ilt g, .t ing sat,  f 5 t , way,’ has this 1 e.s~l~ to pt tubi ems vi l la ts’soa,ana’c hi ts$atct i  I ng anal

t h, aJmu’ torm as fair wave , tin t ii. per I oat h a  I lv laaas li~al csuo1’ I tts~ lis t is spits touts ma’ a ics d ii. to  pa St I 0$ ,ia ’flu,i ito, —
s Ir ic ~c, liii’ (r equ.tscy a ’ f  thc n—mode (k — ‘i ’,I in t a g .  ml i v  g s ~i cut fa rø  s oas5)s Isccc , it is c l..st that  the’ h~ aI

cot  a t ’s poatds to the tow.’, edge u t  t ha’ a t “p hand , way to ça~. those sit us, to ,  ea is  by ttee1. et cit ing t ea t,—
\t’~’v.’ ti, a s  frequent”it t he sits lace wave is uta ’ai pt a i1sag.i i log nt ques .~

a ’, c u t — o f f  . As th. depth o t  tt ,e g r a t lisp y t a ’.’s’ t’s I’.
- ‘cc  , .‘ .is, ’ J • th e Itcq ,tet ,t v “1 the 7 — mawt, ’  a,,, a case, oUt ii Tb.— it 4uortan.’I’ o f ps oove aicpt ii out t , ,  nit ty is c lear
t In’ t’~~~ -~~ h i,t~ is s ,’.i, h,’,i, ‘lb is cot a , ’s~.,a, ,ais lii the f t  otis its.’ alt t i e r s  ion cut yes i~ fig . la $ whct e it iii seca,
• ii fate - ,.t, a . -  ‘ t a t  ~, siteau wa’a- a’ at ast it’., ‘d above , t a t  I lie T i,,, t I he I t eqiacasa ’ y a,’ I I hi’ ‘- maid a’ I a at a’ as,yl~ lv a$a’peitaiet,t
a,’— , ., lie.t ~ l~ w way. r i’gioat iy’l,’v l is ts  hi ts.  the sa ilul tout oat t h. gs ~w ’ve ttu’1’t I, Is . bcassssnt liii an ps t~ ”a’i’ depths
it a lw.tys a c i i ,  i~ ce wave , t Iter. fot  e causes a l it  f s ’ re ast  pat Is i-il the gi at ing to s e —

sOatA Ii’ .i t . I ( t et  ,‘,st f t  i’qsterss’ Ii’s • Ilti s i ’ t t e r  t was oh—
I t shari Id he s’,r iihas t ’ ,’.i that vi’s ‘y 1 5 %  I t o  .1 ow l ag act v.’sh a s  s at~~ iii t a t  ~r at I ntgs , w het -c the v (hi-at h u t

a s n i’qaa a t  t a t  t a’ pa nauiua’ i’ a vi’ II —a irs (I tied stat I .i, it v.a i’,, v.a s I . .. at ,  - by t’s.t’ls,~ I. a I pt ails tss~’, t is tat’ tot - a ’, I r u’at in a
.~a ~ay le I y h i.i s’ e , to,  e s s -’p Ic , has • pitaise ve loa ( i v  t h a t  um.a l I ,r.~to ts ‘f t h e  f i at  t u g. T ight.’i t s s l r tasas ,’es ott

S •t&i ~ a ’’- .’ hi  vi pa’ t ~‘u’at t t’a’ tow (lii’ ha, lit s a . t i  V . 1  a ’. it i t he I .a~ ’ I at  a a’ii ~‘t ‘i e t a  t ,‘ vi’s - e t i’uta,.t t *5 5 etltat c thi I
i’ut Ii. a oil m acat tO S uIt’tit ii Ia’ss that s a t .iteas ‘wSvct t ’iiysh . ra te. t • i t  ap;’eai c It ott t h t e s e  t a’strl t s I list the ii’’,’
‘i,’ it,’,’ Is , fit,’ ref . ’ ii ’ , oat I a Slits I t~~w pt at a atg (a’ ( 5  a

~
i ilSiti 4 .‘ I i lie t o t  i t  Oral 1 a’ S ilt’~ isu ’t i  t C~’~ 5 05 5’af thai ’

haa’ 511 w .ave ous the sot l ace .  alit Ii, t’ liv ii. ’ Ii hair ~it,’l y t a t  lot log t tie ilept ft t,’t ot i to  ot
th. gt i ssves .

ins It,’ t:u at t,t~~ hies*s itat its- s
)i.t ’han I ca l  iii .ibia,g itt (It. t ,‘ct’nnt ass - s w it h  sart* t

Tas pi a ’,la,a ’ e a atanaf I aug s i t  tat ci’ wave t e s  a’,,a U, ,‘ the r uatsts.t pa ats i t’ll f i t  tui’tf the cut f a t e  wave ass t on ii a u t h~
. s at issg Sit tic’s ‘arc a tau t h. tea mius. ,t .a1 it, a pa it ,‘t v ii i, at i ‘a, a nut a t  ssi .lea,a,t,i St t it i t t  at t a t  ea .i I ciii, Ii ,t,’aiui lst

— ‘ i t t  ot te l l  rd a’s - s. In the at ~~~~ ii ~AW s a’%otsat Os t ise~ e ~~t the V ““ t ~ t s oat to  the el e a t  i t ’*teai a c~t It”. A hat et a l
- - ii a’, it ste s a Ii zeal liv I “usg ( ci’vei- .s I h,aa a, it •‘d p .i i ,s i s  dec a, if i st  ts i ta ’C of I hi’ a’ t alt’ i ~ I l a ~ V5 t  ails, civ .1 asia I —

at I np it ray t ‘irs I ~ tu ca l o a’pa’ at  .‘ a a, tae , ,, t — o i i  a ,‘ a I a?. t ‘i i ’  h,’ Is ailed s eg tots . t hu i a ,. .laae I a’ ma a 1 o.ial —

so,s , tiss t he SR S t a n  I,,,, w ave i ,‘,a ,’a, ,at a ’, ( h a t  i t  a,u’f iuig by t te elects “let , wh it -), c i  I,’, I av , ’t t ’  sa t ,  i cases the
.‘s s.it v .  A ,uitt it ’S c aaa he ia, ,ui , ~.‘.t by t ,’imiata t  m u g  thu’ tt~~pt t i  a ’ ’ t~se g s a ~~is’es tiat~h,•i t he  i’he.’ t t a i a ia ’s . flea-a,,’,’ ‘ f

t ,ut a , ,~ ~,t a ‘ a a a t t t h l y  la ’,- ,at p ,h t t a . ’t a ’ , - - i,,’e htt’ ,aa,,t . ,ay.  t h i ’ . I . u t ,  ,.,t a s’as t i t t a ’ait,’att t t , ,, sv ,’, s,’ mas ais’s *t ~ .u I’s,’ ash-’
a, tha t ’  a a’.,’ a’f (ii,’ —‘ ,i,t,’ th is Is  ci, a l t ’  s, ’,’, f’s a s  a , ~ - set vr.i , a. Lit st* tsa ta~t ii ~‘ .\W ,i’’,’t,,,( a ’, ‘a
ii og it  ‘~ • ~‘ , w ?a, ’s r j h.’ )i.5~’t h a  ‘Ia’ di air’ I .i, ,‘,n ’ a, t  ii .,Ia ,i,a~

,, t.i t’at t a ’ ‘ wi t  I, ‘it .tt.h • t as ,  thai’ ,,yvir, ’i , ~ h’ ‘I’ - t i t  i’, , a o t t

•‘ if lit ,at t a o ,  a’aue t a t ’  t I~ at  t h e  a l t  t 1,I ,a. i’mruIt tt,~ is

‘i a  a ’  v i (ha a ,‘s ;’e,’t I a ’ t ’’a ’ w.s s i.ut Itult .at tb,’ ~ i.a ,ae ii’ a,s,. s ’ a  t of h a  
~ . ‘ ‘ ,.I,,’s,- -. a hsi 1~hiht’ a,ah,eina t I,’ ac

• , ‘~ a .~ t’v a .~ a’ I, .‘~t 1 s a. ’ In t hi’ f t  ~~, a ,‘ . 1, t a ,r.ias a p. e ‘..,it a I I ,‘ai iii I lie a a ’’ ’ ’  at ,, ( i’u ~
a’ ,5a•~t s v . £,‘h, t, a s iii

- 
‘ t titi’ S f t  .1 Iii • . ‘ ‘ ~‘ a a l i t ’  t 

~ 
~u ata l t hi,’ tI i a’ -‘ s a tsr (hi,’ ‘ ‘ n a I I ott sii.1 I . it ,‘ .i l’s’ t hi.’ hi,’ as- ’i a , s • ‘a, , ~ an. ,‘ at

‘1 .i a ,‘ , a t  •‘ a ’,  f lit ‘ ‘ ;‘ I liii ’ • 0 fat , a’ a a a .1 I ,a ii a ,‘ s ,a lis le I a’ p~’ Ic a ’s’ ci a ‘‘ La ’ ~‘. t I, • t hat’ lut~i. 1.
‘ .1 t a ’, a n t i  o f  v ,in,t , t it a’ it i t ’ ‘ . a ’, - ’~’ ~

a a , ’ , t  ‘, was ‘ . ‘ . . ited ts sea, v a t s  I • ‘‘‘ pies’t’i ,‘tt ,‘ la ,t  It ga
ui ’ l_ ‘ iv C $1’ ,’ ~is ,‘ 

. % a ’ .t th,’ a t o t  at a as’ , 
a ’ -  an t  f ’ ’  i - I  ta’gi’i itet w i l t ,  a ’t’ a ’s s’ . Na’ t s ’jrs I ts lus ,a g  via

- ‘ t s i  Ia n  ., f t - a . I h a ’, - (I a’ ,’ l’,’a aa i .? u ,’s’ , v ia,,?,  ‘a t ., .ts .i p e t  I • .‘ aft,’, sawtiig lb.’ gs ,s ’ s’ ,’a , at,,h (hi,’ gi totivu’
‘ a a ,i. oat n s it . l’v t , l l I ~ a - i s - , ,  a a v ‘a ~ ’,a a ’a ’ lit S isiti’ a ,t it aii’$’ — - ‘ I r ri  S a u l  ,‘ai I ,‘ f’i’ i t’~’ 

t 05 I ant4 t e  ly lust ’ pet ccit t
‘‘ ‘ u t h a t  fbi’ Slit,,’ ir’ ,,,al,i , ,‘~s.? It  h, ’,,, .1, ( 5 .u’. .1 ~‘~‘i - Ft ci tea ,at t h a i ’ let  t i—us .’ a ’I thie F ,  ,t ia t g  t h a t ,  sat liii ”
- , t ml t t it I a ’~ ,i Stii I a, a’ w ,sva’ w i t  is .a s s ’ wtus’enua,,t’a’s’ i g’ v . ., • a, t be t ~~ u. s I vet ot I i,i ’ g, c l i  aa 1~ wit’s e es. it cii

- _ - ‘a au lv , ,I, t t es essi i esaiis,s,tt I, •‘qt,u’us~ it ’s were isIs —
1.5 i i  a — SC •Xliea fi’ii , liii’ lower ft’cqa~eni’v cot trsps*iwt—

i”t 1~a a a , ’ ~. p t v i ’a f it ’ p a i s f i h o  u t  ‘u N aa’a t l i ’iu a c —  log It’ t u e  tas ag i’a ~ u ’ a’s’~ uii’~’th ,
c i a  u ti,eih bt’tws ’eii iv,’ ‘‘‘a t’ r. t t  s .‘, t a t  I,’. t , a u

- - ‘  , . ‘ .d - “ “ “ ‘  ‘ ‘  ‘‘“S - -_ps~~ ..
a_,_____ -—- 5 ‘~~- ~~~‘ ‘ “. 
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Figure 5 shows the measured Input impedanc e ctaasr- citrate evaluation of Q. We est imate a va lise in Itt. or-

act ,r is t lcs  for th, ent i re  grat ing - the small peak at dci ’ tiC 3000.

1.120 14Hz corresponding to t h. deep end of the g r it i is g.
A varia tion of groove depths in the order of five i’er— Conclusion s
cent corresponds to a frequency variation in th. order
of one percent. The estimated resonator Q is of order in .unmaa ry , we have experimentally verified tho
200 , compared with a es terial Q of order 1,00 determined surface character of Sit vibrati ons ott deep gust lug
by pulse echo measurements in a large block. Structures and have aneastared sonie of the properties of

grattas~ Teaooat~srs of this type operating on PZT-8, YX
Wi have also tes ted the same geonsetry as a Ray- l i thf - .sn niubate and ST qtiar t! in th. frequency taisge of

leigh w.sve grating resonator , wi th the poling in thai I to 2 tilts, Q- tactors obtained are low , not itsure thins
ver t ica l  direc t ion In F ig. 5. As anticipated the Q is 3000, This 1. due in part to tect,nica l a i if f i c ul tt c a a  In
muchi low er (of order 50) because t rac t ion- f ree bosarsd- accurately and uniformly fabricat ing the large groove.
aries rho not act as good mirrors for Rayleigh wave required at these low treqaaencics said its part to mode
mot ion. scat ter ing due to the  e f f ec t of subst ra t e sn i so t ropy

on the behavior of tt,e tracttoai-froe retlactor star—
Y-X l.ithiaaan Niobate Resonat~~ faces .

A lithium niobat. resonator was matte in order to The fabrication problem s encouantos’cd potist up the
more cle arly isolate Its. effects of surface roughness need to study shallower grating a’esotsati’ra operat ing
and resona tor’ geometry on the Q-fsctor. A. shown in at higher frequencies. As poiastod out earlier , nasty
Fig. 6 a resonator of scruewbat different d tnaensions was a small anmuflt of slowing is needed to trap ttae SIt vi-
made on a single crystal block , using the sense fabr ica- bra tton on the aturface , and th. grooves need only be a
t ion anettstud . The top surface is Y—orteuated and the small fraction of a wauvt’1eusgth~ its depth. Since the
grooves at-. along 7. . By cutting the grooves ba’tore pertodicity needed for wave trapp ing may al so be in-
polishing the top surface and finishttsg aftatruards , duced by ;iot’ioa,ijc houatdauy conditio,st on t hse aa t a r fa t c e ,
grooves w ith cleats upper corners were obtained . They an attractive alternative is taaass-loaatlia sg or clectr’ i-
were , however , very fragile and had to ho handled with cal shtort ct tca, ait strips deposited on the substrate
great care , s urface , 7

The impedance curve in the figure is for an ulsmaup— The major potential advantage of the SIt gr’at log
ported s im p le •nd •xlsthits a very dense spectrum of reson,tor over the sttutiat ,srd SAW a t ruc t aa t e  is in Its
spurious bulk mode, in th ie region of the ma in and small eire . Becau se th. grating itself does not serve
transverse surface wave resonances. Appearance of as a mia’ror , oai ly a small rsultsstser of iteriods is re-
strong spuria’uus mod es only in the regioas of surface quired. Also , the prrvsctsce ut a sluectrur, of restuasator
wave resonance iasd ii’ates t hat the spurious cotap ling Is modes that r- .uas be se lec ted by appropr ia te cod ing of
through t’techanicat imperfections of the grat ing and not the applied e lectrode vo ltages suaggests th,e possib i l i ty
dir.ctly front Its. electrodes . tif small rnultipole uia,’snottt)sic titters at very 1,1gb ira’-

quenciea.
Figure 7 shows , on the same scale , the impedance

charac teristics after glueing the ends of the lithium Acknaw,~~~~ saneast s
nioba te block . The bulk modes are now strongly sat1t -
pressed , although som e spurious is stilt apparent near The authors wish Its achiasowicalge the attic technical
to two transverse res onances on the high fre4uency ~ido ass i,taaass ’e of U. Itotsd , L. Coaidard , C. kot ler ,nd ii,
of th. attain resonance. There is now a, strong starfasce Wsalth,
wave resonance with a maxiniuns impedance of 300 141 , isnd
Figs . 8 aol 9 show that the maximuass spur lotas respoisse This work vs, sps’a,isq~tred by the Joi n t Services
over the range from I to 7,5 HIts is l~ Iufl . Electronics Program under Cr’ntr,aa’t Nt.\’50lIa- ’(S-C-06)~,

Figure 10 gIves on a logarithmic scala the di.- Refereasce ~,
tailed impedanc . response in the vicinity of tise re-
sonance sinai antir.aonanca points. Because of the 1, B. A. Auld , 3. 3, Gagnepain arid H. Tats , Ehectriiasica
large niaa,sber of spurious modes near the ser ies reso- l.etters j j~, pp. (,t,0_ ~,~51 (1976) .
asance point , it is not possible to catc uat iate the Q by
the atandard procedure 5, but ft is estimated to be not 2. t. I. Browning artd N. F. lewis , thscse I’rocridIngs ,
more than 2000. This very low vahae is cl.’tst’iy iltie to
the energy toss coupled into a large istutaher of btathu 3, g, hi. Yen , X . 1,, Wang and K . S. Eag iwada , these
modes and subsequently dis si pa ted ins th e suppo rts. proceedings .
Fur ther precision in grating fabrication ts obviously
called for. l~, K. A. liut a’d , Can. 3. Phys . ~~~~ , pp. r.”j—i~’~ (tQ~,ia).

~~~~~!~I~’t5 R e !~~to3 5. K. A. Coliias , “Flu’lJ Theoty of Cuaiaha’d Waves ,” pp.
la6~—h69, McGraw—hit Ii ( t’~ ’o)

Figure ‘Ii siscaws the geometry of a grating %‘eRonst-
tor nit a 39,30 “ST” qttarts p late vtthi the grooves salting 6. C. A. Adams .t,d 3, A. kuntea s, t ha’ ,at’ Proceedings,
the X direction. Note tha t th e th,tckrses~ of it,,’ stat,—
strata’ is much less tbaa,s in the otisur example .. Al- 7. A. A. Otirser and A. li~aUl Ttaasa 1l~ ~~~~~ pp.
though the a csonsttor is ,aasmrn’atteaI the uipatrii’atas attout e ~~0h- ’,’,,5~1
response is small compared wi t h the lithsitms at iohati’
case , and the response is clean outside (list 10 kits Ire” ~~~~ , -
qu.ncy range shown, •1~ iF 1

As in the I’ZT resonator the low frequetsey peak is ,

attributed to nonuusttoranity of groove depth. Since a~
’ • ‘~i , -

elite second peak occurs very cloic to the unatu~ øorio. ,, ,~ I ‘

reeonance point , it I. not possible to arriv, at an •c ‘: , 
• 
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TUNING FORK GRATING5 INFINITE GRATING ON AN ISOTROPIC SUBSTRATE 4,

+

+ 

TUNING FORK RESONATORS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~

L~~~J 
~/ 

u5~y, z~ 
as e d

— y2 s (_ .?IL. ~2 ( fl7T~2 
< ~-~:u~t i. A Convent ioa iat f lex urah tuaning fork resonator l~ X~~~~ A R/ ~ d /

is showut in the tapper le f t  and a “(a ‘c-s hear ”
ana logue in the upper s i g h t .  Thi’ hunt cam of the ,, _________

figuire shows a p rt t s i t ive  hiori:inst.a l .~haa’ar gra— WHEN U 2
t ing ti’SO f l s it OT rea l ised by stack itsg , ” (ace—s hcsir
tianiasg forks.  

4J9

SURFACE VIBRATION

FICURE 2. hori zontal shear grating on a p er il—in t l in—
ftc substrate. Vibration is in the fl-
mode.

WAVE S ON P E R I O D I C  STRUCTURES 
Ct) 

-
_______________________________  - ~~~~~ /

. 

_ _

El~ t’RE 3. lyp ical ton, of th e lowest branch of the dsi persion relation for the horiatontat ahs~~ grating.

— 
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RESONATOR GEOMETRY

~~~~~~~~~~~~~~~~~~~~
RESONANT FREQUENCIES

Nz IO 
GROOVE
DEPTH

Fig. it Bas ic sesonator sta’sacture and relatinassi si p between the die— •

persio ai relation arid the resonant mod,. spectrtss.
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~~~~~~~ CP4T Gt Uti)On t*iMu~t,ft4nIO t,utp a)5 C.sattNG 
omsotucasu strnsltls
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- -.~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~,
Fhc ic~ t’ . lmprd*nce-tzequi,ncy response of F—oriented l’lCt’RE 7, Sam. as Fig. 6, but wi th ends of the sub—

X-propsg.sting liNho t gratia i~ t es~1nator . s I t - a te  glued to lucite supports. Note the
show ing a da’naar sp.~ crua of ~putIoats hulk tvo tra nsvers , mod e resona nces , w it h supe r—
resonances superp .’srd cans lisa’ main and taans -  imposed Rpairl~ a ss resonances , tin (1w high,
su rface wav e tesca a s a ssces .  Area cat the e l e c —  fr.qu.nc~’ stal, of the main tesonanc.,
irusded region tns’h shovt,) ha . O.. .’” X O,6?S” .
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L.Nb03 GRATING ON LIICITI SUPPORTS

300kfl

(a)
0

4

Id

> 200kfl -
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1.98 2.0th 2.It~ 2.,~8 2.38
FREQUENCY IN NH:

Fig. ~ 2..ape.tance-tru’qari’tucy cur’.’~’ ca i the t- th4t~ii~ gt.st ing, ahw’awiiig thur
peak of the nu~ t~ tCso u~.incu’ SiSal a wider pasrit atsi ca t tha’ s l .tt ts.
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t t~iaXtP~~t ~~~~~~~ FlCttKE 10. logarithmic impedance cu rve in the v icin-
i ty of t he resonance and a ntt * es ons a ns ce

FICL’ IIE 9. i l L ustr at ion cat lise spurious nod. teauponse potasts.
betw..n I till : ~nd L’a tug. Measurements out
to 7. ’. hit s show.d a ~~xin ua aptiricuus isape-
dance peak of 4 hul cavea- this freuluiency range.

i.9Th~~O
IOk4.

~

1.975150

-I.9756~O

~~~~~~~~~~~~~~~~~ 
‘ C

1.97 FRrQUENCY IN MHn 1.98 

f\’-’
Fig. it lrqci~unsc.-freqti.ncy caury. of utususunted quart s grattn i~ on a

“SF” pt.t.. 
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